The mechanism of homologue pairing at meiosis remains an unsolved problem. Our current state of knowledge has been recently reviewed and summarized elsewhere (Maguire 1984 (Maguire , 1986a focal levels of the levels of the same nucleus. K, leptotene of meiosis. L, zygotene of meiosis in synizetic knot.
Suggestion of alignment of matching chromosomes is illustrated in C, H, I, K, and L (small arrows).
Giemsa C-banding procedure (Maguire 1986b ) which had been modified to avoid air drying of slides (a process which tends to flatten cells and nuclei).
In this study attention was directed at apparent changes in shape of nuclei during the period from interphase to late prophase of cells in premeiotic divisions (and to some extent in tapetal, somatic anther wall, cell dvisions). Possibility of unknown fixation artifact should be kept in mind and perhaps investigated in further studies. Stage advancement during mitosis was gauged by degree of chromosome condensation.
Results
Drastic fluctuations in nuclear shape (not readily detectable in the commonly used squash type of preparation) were found consistently during the interval from interphase to late pro phase of late (possibly the last) premeiotic mitoses ( Fig. 1) . At interphase (Fig. 1A) in nuclei at this level of development the chromatin material was confined to the periphery of the nucleus, and most of the internal volume was occupied by a large, clear lumen which contained a single nucleolus in almost all cases. After early prophase chromosome condensation had commenc ed, the lumen disappeared for the most part, and the chromosomes were found compressed against and adjacent to the nucleolus. The entire nucleus was then generally flattened into an irregular shape (see especially Fig. 1E , F), similar to the compressed stage (synizesis) com mon to early meiotic prophase of many plants. By late prophase, however, a large, clear cen tral lumen (containing the nucleolus) was again present, and condensed chromosomes occupied the periphery of the nucleus (Fig. lJ) . The consistent degree of condensation in many such more nearly spherical late prophase nuclei (with large central lumens) compared to the lesser condensation consistently found in compressed appearing prophase nuclei with small lumens (in the same Feulgen-stained slides) provides evidence that a cycle into and out of apparent compression change of shape occurs during prophase of premeiotic mitoses. Although met aphase configurations again showed apparent compression of chromosome arms onto the plane of the plate as previously illustrated (Maguire 1974 (Maguire , 1983 , chromosome arms of very late pro phase stages seem to be spread around the periphery of the nucleus, often with some indication of remnant concentrated positioning of centromeres in the polar region of the preceding an aphase. I now believe that nuclei illustrated in Fig. 2A, B and C of an earlier publication (Maguire 1983 ) represent very early prophase of late premeiotic mitosis (prior to compression) and Fig. 4A of the same publication represents a compressed prophase (instead of the pro metaphase indicated).
Somewhat similar, though less drastic, changes in shape and lumen size were found in early prophase nuclei of sporogenous cells of the (smaller) anthers of the second flowers of the same spikelets, where earlier premeiotic mitoses were in progress. The degree of flattening of nuclei and the amount of nuclear shape irregularity were less during prophases of these earlier divisions. Nuclear shape did not seem to change drastically during prophase of divi sions of tapetal cells of the larger anthers, as indicated below.
To provide quantitative assessment of observational impressions, nuclear parameters were measured with an ocular micrometer. Measurements of the first 50 nuclei encountered (during systematic scanning of same lot Feulgen-stained slides) at interphase (Fig . IA) , early prophase ( Fig. 1B, D , E, F) and late prophase (Fig. 1J ) of late premeiotic mitoses are summarized in Fig. 2 and 3 , together with similar measurements of the first 25 nuclei encountered during scan ning at each of these stages in earlier premeiotic mitoses, and also of the first 25 nuclei encoun tered during scanning at each of these stages in tapetal cells (all from the same slides) . In each case difference between length and width of the nucleus per unit length was then used as an index of departure from spherical shape (Fig. 2) . This value neglects the pronounced ir at Premeiotic Mitosis.
Implications
regularity of nuclei at early prophase of the late premeiotic mitoses (Fig. 1) and therefore un derestimates possible effects of compression at this stage. The value is more representative of departure from spherical for the nuclei at the other stages, where the shape tended to be more nearly ellipsoidal. Means of length minus width divided by length were significantly greater in conservative t-tests (which assume variances are not equal) at early prophase than at inter phase in both late premeiotic mitoses (p<.001), and earlier premeiotic mitoses (p<.05), but significant differences in tapetal mitoses were not found at these stages, using the same statisti cal procedures.
Summaries of measurements of the lumens of the same nuclei are given in Fig. 3 . The cross sectional area of the lumen in each case was calculated as the area of an ellipse with semiaxes equal to half of length and width measurements.
Lumen shape generally approached spherical at all stages, and at early prophase these lumens usually contained little more than the nucleolus.
Means of lumen cross sectional area were significantly greater in conservative t-tests at interphase than at early prophase in late premeiotic mitoses (p<.001), earlier premeiotic mitoses (p<.001) and tapetal mitoses (p<.001).
These means were also significantly greater in conservative t-tests at late prophase than at interphase in late premeiotic mitoses (p<.001) and tapetal mitoses (p<.001).
Other observations of interest include the following: Suggestion of alignment of match ing chromosomes was found at mid-prophase, especially in Giemsa C-banded material in late premeiotic mitoses (Fig. 1) . Two lumens, each containing a nucleolus were found occasionally (12% of 528 at interphase) in cells at earlier premeiotic mitosis level, but not in cells at the later premeiotic mitosis level. This can be taken as evidence that the pair of chromosomes which carry the nucleolus organizer are more closely aligned at the later division.
Conclusions and discussion
In sectioned (fixed and stained) material (where possible distortion due to squash prepar ation is avoided) evidence for drastic changes in nuclear shape and arrangement of contents in found during prophase of late premeiotic mitoses (probably the last premeiotic mitosis). Chro mosomes seem to be compressed into a knot type of configuration (adjacent to and surround ing the nucleolus) at early prophase, and this knot apparently loosens progressively during the course of prophase chromosome condensation.
A large central lumen virtually disappeare during the most dense compression but reappears at late prophase.
In earlier premeiotic mitoses somewhat similar but less pronounced changes in shape are found during prophase but such changes do not seem to occur to a significant degree in tapetal mitotic nuclei.
The tightly knotted, compressed chromosome configuration stage (synizesis) common. ly found in plant early meiotic prophase (where it encompasses zygotene and early pachytene; has long been recognized as a possible aid to initiation of homologiue pairing; it has beerr compared to the "bouquet" configuration often found in more pronounced form in animals al this stage (Swanson 1957) . But little attention has been directed at chromosome behavior al premeiotic mitotic divisions in either plants or animals (Maguire 1984) . It now seems re asonable to suggest that homologues may become favorably situated for pairing at meiosis in some organisms by compressive changes in the nucleus during the preceding mitotic divisions as well as at early meiosis, perhaps progressively over a series of divisions. This action might conceivably rearrange the nuclear contents, perhaps especially the the distal region of chromo some arms, and allow association of key chromosome components with each other and/or appropriate membrane systems. Generally, distal regions of chromosomes have been found to initiate synapsis earliest (Gillies 1984) . Compressive foreces might be externally applied, as in the case of sperm of some organisms where nuclei seem to be compressed and reshaped in conjunction with activity of surrounding microtubules (Dustin 1978) . It is also conceivable that membrane systems play an active role (Hepler and Wolniak 1984) . In other organisms different systems which relocate chromosomes with respect to each other may prevail. Evi dence for nuclear rotation in rat spermatocytes at zygotene has been reported (Parvinen and Soderstrom 1976) . Further speculation at this time is unwarranted, but additional studies on the rarely examined stages seem desirable. It is worth noting, however, that premeiotic interphase or very early meiotic prophase treatment with colchicine, a well known microtubule poison, has been found in several laboratories to inhibit alignment pairing of homologues (Bennett et al. 1979, Driscoll and Darvey 1970; Salonen et al. 1982 , Shepard et al. 1974 .
Abstract
Observations and measurements of maize sporogenous cell nuclei during premeiotic mitotic division cycles in fixed, sectioned and stained material suggest that a striking compres sion of the nucleus occurs, especially during early prophase of late (probably the last) premeiotic division. It is reasoned such a process could promote relocations of chromosome arms re lative to each other prior to meiosis and facilitate strategic meeting or positioning of pairing partners, possibly in conjunction with membrane system or other anchoring of specialized regions.
